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Molecule-induced homolys is  (MIH), t h e  process by  which two c l o s e d - s h e l l  
molecules r e a c t  t o  produce f r e e  r a d i c a l s ,  has been recognized as an impor tan t  
c o n t r i b u t i n g  pathway t o  r a d i c a l  i n i t i a t i o n  d u r i n g  coa l  d i s s o l u t i o n ( 1 , Z ) .  The 
p r o d u c t i o n  o f  o rgan ic  r a d i c a l s  by MIH and o t h e r  pathways can lead  i n  s tepwise 
f a s h i o n  t o  t h e  p r o d u c t i o n  o f  h i g h l y  r e a c t i v e  r a d i c a l s  t o  a s i g n i f i c a n t  degree a t  
temperatures>4000C. I n  t h i s  paper, we summarize r e s u l t s  which show t h a t  t h e  
decomposit ion o f  1,2-dihydronaphthalene (DHN) i n v o l v e s  b o t h  1-hydronaphthy l  (1HN) 
and 2-hydronaphthyl (2HN) r a d i c a l s  as w e l l  as 1 - t e t r a l y l  r a d i c a l  and t h a t  t h e  
p r o d u c t i o n  o f  1HN and 2HN leads  t o  t h e  s c i s s i o n  o f  hydrogen atom (He)  and i t s  
p a r t i c i p a t i o n  i n  subsequent hyd roc rack ing  r e a c t i o n s .  

f r a c t i o n a l  d i s t i l l a t i o n .  1,2-Dihydro-4-deuteronaphthalene(DHN-4-d) was prepared 
by  t reatment  o f  1 - t e t r a l o n e  w i t h  l i t h i u m  aluminum t e t r a d e u t e r i d e .  The 1- 
d e u t e r o t e t r a l o l  (219)  was heated a t  100°C f o r  20 minutes a t  reduced p ressu re  w i t h  
KHSO4 (29) f o l l o w e d  by f l a s h  d i s t i l l a t i o n .  The crude p roduc t  was d i s s o l v e d  i n  
hexane, f i l t e r e d  th rough  n e u t r a l  alumina, and concen t ra ted  t o  g i v e  pure ( 99.7%) 
p roduc t  i n  66% o v e r a l l  y i e l d .  Thermal decomposi t ion o f  DHN o r  DHN-4-d was 
c a r r i e d  out b y  degassing and s e a l i n g  t h e  reagen ts  i n  pyrex tubes and p l a c i n g  t h e  
tubes i n  s t a i n l e s s  s t e e l  vesse ls  and su r round ing  the  pyrex tubes w i t h  t e t r a l i n  t o  
balance i n t e r n a l  pressure.  Y i e l d s  o f  products ,  naphthalene, t e t r a l i n  and C20 
compounds were measured by  c a p i l l a r y  gas chromatography ( g c ) .  The C2o products ,  
- 1-5 (F igu re  l ) ,  were i s o l a t e d  from 16 hour r e a c t i o n s  a t  3OO0C by p r e p a r a t i v e  gc 
ana c h a r a c t e r i z e d  by 13C NMR (20 MHz) and IH NMR (300 MHz) and mass spect rometry  
f o r  b o t h  OHN and DHN-4-d p recu rso rs .  Compound 2 was subjected t o  an exchange o f  
i t s  b e n z y l i c  hydrogen by  hea t ing  i n  sodium dimsylate-dg/DMSO-d6 a t  1OOoC. 
o f  DHN and the  reagen ts  o f  Table 1 were c a r r i e d  o u t  a t  425oC f o r  10 minutes and 
t h e  product  m i x t u r e s  were analyzed by  c a p i l l a r y  gc f o r  hydrocracked products .  
Products  were i d e n t i f i e d  by c o i n j e c t i o n  o f  a u t h e n t i c  standards. 

Exper imenta l .  1,2-Dihydronaphthalene ( A l d r i c h )  was p u r i f i e d  by c a r e f u l  

React ions 

Re su l  t s  

Products  o f  t h e  the rmo lys i s  o f  DHN. When DHN i s  heated a t  3OO0C the products ,  
t e t r a l i n  (40  + l o % ) ,  naphthalene (40  + lo%) ,  C2o compounds, 1-5, (15% combined 
y i e l d )  and a v a r i e t y  o f  t r a c e  ( 5%) CTo produc ts  a re  formed.-nhen heated a t  
425oC, C20 compounds comprise l e s s  than  5% o f  t he  products ,  naphthalene i s  formed 
i n  excess o f  t e t r a l i n  and Hp gas i s  formed. 

weights  o f  260, f o u r  a l i p h a t i c  rnethine carbonr ,  4 a T i p h a t i c  methylene carbons, 
S t ruc tu res  o f  Compounds 1-5. Compounds 1 and 2 each e x h i b i t e d  mo lecu la r  
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4 unprotonated aromat ic  carbons a long w i t h  t h e  p ro tona ted  aromat ic  carbons as 
determined by off-resonance decoupl ing techniques. 
f U l l Y  reso lved  a l i p h a t i c  hydrogens f o r  each o f  1 and 2. 
e x h i b i t e d  molecular  weights  o f  262, 262 and 258, Homonuclear decoupl ing 
unambiguously es tab l i shed  the s t r u c t u r e  o f  1, as w e l l  as e s t a b l i s h i n g  the  syn 
r e l a t i o n s h i p  o f  hydrogens b and h shown i n  the  s t r u c t u r e  o f  2. 
w i t h  compound 2 removed p ro tons  a, b, c, f , and g, b u t  n o t  d. 
used t o  produce isomers 1-5, deuter ium appeared o n l y  as shown i n  the product  

l H  NMR a t  300 MHz revea led  12 
Compounds 3, 4, and 5 

Deuter ium exchange 
I 

When DHN-4-d was 

, s t ruc tu res .  

Hydrocrack in React ions.  Table 1 p resen ts  hydrocrack ing r e a c t a n t s  and products .  
The modest y i e l d s g o f  p roduc ts  r e f l e c t  t h e  l a r g e  number o f  competing r e a c t i o n s  
which consume H* and do n o t  produce hydrocracked products .  

Discuss ion 

The p r i n c i p l e  i n i t i a t i o n  pathway f o r  the DHN r e a c t i o n  i s  proposed t o  be t h a t  
O f  Equat ion 1. The va lue o f  aHf02g8 f o r  1HN assumes a DHo f o r  t he  3-hydrogen 

1HN 2HN 

30 

kcal /mole 
@ J q * o s  35  56 60 

of DHN t o  be 94.5 k c a l h o l e  c o r r e c t e d  f o r  the d i f f e r e n c e  i n  resonance s t a b i l i z a t i o n  
energy (ARSE) between DHN and I H N  (ARSE), 16.7 kcal/mole, from Herndon's c a l c u l a t i o n s  
( 3 ) .  The value f o r  2HN assumes no resonance s t a b i l i z a t i o n  o f  DHN by t h e  s tyrene-  
l i k e  o l e f i n i c  p o r t i o n  o f  the molecule, g i v i n g  a va lue o f  Thus, t he  
va lue o f  AHf fo r  r e a c t i o n  o f  t he  two molecules o f  DHN t o  g i v e  1 - t e t r a l y l  ( T - )  and 
1HN i s  3'1 k c a l h o l e ,  and 35 k c a l h o l e  t o  produce T* and 2HN.. Other  thermochemical 
va lues i n  Equations 1 and 2 are exper imenta l  va lues o r  es t ima tes  ( 4 ) .  Thus, 
app rec iab le  concen t ra t i ons  o f  b o t h  1HN and 2HN are expected a t  300oC and above. 
Both 1HN and 2HN may undergo e l i m i n a t i o n  o f  H* (Equat ion 2 )  w i t h  a c t i v a t i o n  b a r r i e r s  
o f  30-35 k c a l h o l e ,  assuming 2-3 k c a l  b a r r i e r s  f o r  H -  a d d i t i o n  t o  naphthalene. 

RSE o f  12.4. 

The s t r u c t u r e s  of 1 and 2 are bo th  c o n s i s t e n t  w i t h  t h e  a d d i t i o n  o f  2HN t o  
DHN fo l l owed  by a secona i n t e r n a l  c y c l i z a t i o n  s tep  and hydrogen a b s t r a c t i o n  f rom 
a v a i l a b l e  donors (Equat ions 3, 4 ) .  

The d i f f e r e n t  products  a r i s e  f rom t h e  two d i f f e r e n t  p o s s i b l e  o r i e n t a t i o n s  o f  DHN 
i n  Equat ion 3. 
t o  occur a t  one meth ine and one methylene carbon, as observed. 
s t r u c t u r e s  . a r i s i n g  from lHN, two ad jacen t  meth ine carbons would have been deuterated.  

Both compounds 1 and 2 a r i s e  from face - to - face  i n t e r a c t i o n  o f  DHN and 2HN. 

When DHN-4-d i s  used t o  produce 1 and 2, deu te r ium i s  p r e d i c t e d  
Fo r  poss ib le  

I 
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Compound 4, when produced f rom DHN-4-d, has deuter ium s o l e l y  a t  t h e  p o s i t i o n  
i nd i ca ted .  Th is  d i c t a t e s  t h a t  4 i s  d e r i v e d  from t h e  symmetrical t e r m i n a t i o n  
p roduc t  o f  1-HN which has undergone f u r t h e r  r e d u c t i o n  (Equa t ion  5 ) ,  as opposed t o  

a pathway i n v o l v i n g  t h e  adduct o f  1HN t o  DHN, which would l ead  t o  2 deu te ra ted  
a l i p h a t i c  carbons ( o n l y  one deu te ra ted  methylene i s  observed). 
undergoes a n e t  d i s p r o p o r t i o n a t i o n ,  compound 5 i s  produced. Compound 3 a r i s e s  
f rom e i t h e r  the  t e r m i n a t i o n  o f  To and 1HN fo l i owed  by r e d u c t i o n  o r  the-addi t ion 
o f  T* t o  DHN fo l l owed  by H* a b s t r a c t i o n .  
ev idence t h a t  1 - t e t r a l y l ,  1-hydronaphthy l ,  and 2-hydronaphthy l  r a d i c a l s  are 
impor tan t  i n te rmed ia tes  i n  t h e  decomposi t ion o f  DHN, c o n s i s t e n t  w i t h  t h e  M I H  
pathway of  Equat ion 1. 
t h a t  t h e  pr imary products ,  t e t r a l i n  and naphthalene, were produced i n  a non- 
concer ted  r e a c t i o n ,  b u t  t h e  i n te rmed iacy  of 1HN and 2HN was n o t  e s t a b l i s h e d  
because the s t r u c t u r e s  o f  C2o p roduc ts  were n o t  determined. 
o f  course be produced by H* a b s t r a c t i o n  f rom DHN. 

formed i n  s i g n i f i c a n t  (10-30%) y i e l d s .  
by a d d i t i o n  of H' (compare Benson's s t u d y  o f  cyc lohexadiene ( 6 ) )  a t  t h e  i pso  
p o s i t i o n  of  t h e  aryl group f o l l o w e d  by  depar tu re  o f  t he  s u b s t i t u e n t  r a d i z  The 
source of H-  must be t h e  e l i m i n a t i o n  o f  H* from r a d i c a l s  such as 1HN and 2HN w i t h  
modest b a r r i e r s  o f  30-35 kcal /mole.  Thus, t h e  process of  molecule- induced homolysis 
which occurs between s t r u c t u r e s  which a r e  r e l a t i v e l y  e a s i l y  o x i d i z e d  o r  reduced, 
toge the r  w i t h  cha in  decomposi t ion s teps,  leads u l t i m a t e l y  t o  hydrogen atoms, w i t h  
no i n te rmed ia te  s tep  r e q u i r i n g  more than  35 kcal/mole. 
reduced s t r u c t u r e s  i n  c o a l ,  o r  compounds capable o f  e x c e p t i o n a l l y  s t a b l e  r a d i c a l s  
thus  probably  p l a y  an e s s e n t i a l  r o l e  i n  i n i t i a t i o n  pathways d u r i n g  coa l  d i s s o l u t i o n  
l e a d i n g  u l t i m a t e l y  t o  the  c leavage of s t r o n g  C - C  bonds. 

I f  i n t e r m e d i a t e  f? 

Thus, these p roduc ts  p rov ide  conv inc ing  

I t  was p r e v i o u s l y  e s t a b l i s h e d  by Heesing and M u l l e r  ( 5 )  

Both 1HN and 2HN can 

A t  h igher  temperatures (>4000C), C2o p roduc ts  a re  i n s i g n i f i c a n t  and H2 i s  
The p roduc ts  o f  Table 2 are bes t  exp la ined  

P a r t i a l l y  o x i d i z e d  o r  

1 5 2  



Reagent (wt . ,  mg) DHN (wt.,  mg) Products  ( %  y i e l d ) a  

Phenylether (450)  82 Phenol (1.4%) 
Diphenylmethane (207) 35 Toluene (2.6%) 
T e t r a l i n  (92) 13 n - b u t y l  benzene (5.1%) 

l 2,6-Dimethylnaphthalene (74 )  24 2-methyl naphthalene (2.6%) 

a Mole produced per mole DHN consumed. 
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